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Abstract of EP0366913 

An improved photoelectric switching device for 
coordinate detection system comprises a first 
array of light emitting elements (D11, D21, D31), 
a first array of photo-detecting elements (T1 1 , 
T21, T31) for receiving the light from the first 
array of light emitting elements and producing a 
first block signal when the light is blocked by a 
stylus, such as a finger, a second array of light 
emitting elements (D12, D22, D32), and a second 
array of photo-detecting elements (T12, T22, 
T32) for receiving the light from the second array 
of light emitting elements and producing a 
second block signal when the light is blocked by 
the stylus. The light receiving surfaces of the 
second array of photo-detecting elements (D12, 
...) are aligned in a different angle, such as 180 
degrees, from those of the first array of photo- 
detecting elements (D1 1 , ...). A control means 
such as a microcomputer for driving the first and 
the second array of the light emitting elements 
(D1 1 , D12, ...) and for discriminating the 
coordinates of the stylus on the display unit which 
displays a pattern having several regions 
allocated for certain controls of optional 
equipments. Therefore, the stylus can be 
detected even if there is an inadvertent operation 
of either the first or the second photo-detecting 
elements (Til. T12, ...) due to the incidence of 
strong ambient light in a lateral direction. 
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0 Photoelectric switching device for a coordinate detection system. 



0 An Improved photoelectric switching device for 
coordinate detection system comprises a first array 
of light emitting elements {D11. D21. D31). a first 
array of photo-detecting elements (Til, T21, T31) 
for receiving the light from the first anray of light 
Remitting elements and producing a first block signal 
^when the light is blocked by a stylus, such as a 
(V) finger, a second array of light emitting elements 
?"(D12, D22, D32). and a second array of photo- 
® detecting elements (T12, T22, T32) for receiving the 
<0 light from the second array of light emitting elements 
Wand producing a second block signal when the light 
^is blocked by the stylus. The light receiving surfaces 
Oof the second array of photo-detecting elements 
|y^(D12, ...) are aligned in a different angle, such as 
ml 80 degrees, from those of the first array of photo- 
detecting elements (D11, ...). A control means such 
as a microcomputer for driving the first and the 



second array of the light emitting elements (D11, 
D12. ...) and for discriminating the coordinates of the 
stylus on the display unit which displays a pattem 
having several regions allocated for certain controls 
of optional equipments. Therefore, the stylus can be 
detected even if there is an inadvertent operation of 
either the first or the second photo-detecting ele- 
ments (T11, T12, ..,) due to the incidence of strong 
ambient light in a lateral direction. 
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Photoelectric Switch 



BACKGROUND OF THE INVENTION 



1 . Field of the invention 

The present Invention relates to a photoelectric 
switching device for a coordinate detection system 
and. more particularly, to such a photoelectric 
switching device for a coordinate data input device, 
so-called a touch panel, to be Installed In adjacent 
to an associated CRT (Cathode Ray Tube) display 
unit and the tike. 



2. Description of the prior art 

The disclosure of Japanese Laid-open Patent 
No. 61.224/1987 is hereby incorporated as the prior 
art by reference. FIG. 1 shows the schematic dia- 
gram of the prior art. wherein, 1 denotes a liquid 
crystal display unit, 2a's are two mutually per- 
pendicular linear arrays of infrared light-emitting 
elements or light emitting diodes for emitting the 
infrared light along the lateral and longitudinal light 
paths as respectively, 3a's are two mutually per- 
pendicular linear arrays of associated photo-detec- 
tor elements for detecting infrared light form the 
respective light emitting diodes, and 4 denotes a 
user's finger placed on the face of display unit 
showing how to block the infrared light along the 
lateral and longitudinal light paths A and B being 
emitted from the light-emitting diodes. 

According to the prior art system, each light 
emitting element 2a emits light one by one In a 
sequential manner under the control of a control 
circuitry (not shown) and each associated photo- 
detector element 3a receives the light one by one 
in the same manner. If the light path A in the lateral 
direction and the light path B in the longitudinal 
direction are blocked respectively by a finger, for 
Instance, the photo-detector elements Sa's that cor- 
respond to the light paths A and B will produce a 
signal for indicating the block of the light paths, 
hence the control circuitry will locate the spatial 
coordinates of the finger 4 by discriminating the 
sources of the signals produced by the photo- 
detector elements. Therefore, various operations 
such as the change of display, the control of op- 
tional equipments being in stalled and the like are 
can-ied out by detecting the spatial coordinates of 
the finger 4 on a pattern (not shown) to be dis- 
played on the face of display unit 1 for entering a 
switching input. 

Such a prior art coordinate detection system 
has been installed in an instrument panel of an 



automobile for controlling a car audio set, an air 
conditioner and the like. In such a prior art system, 
the photo-detector elements that conforms to the 
longitudinal direction along the light path B are 

5 normally Installed at the upper portion of the dis- 
play unit 1 for eliminating inadvertent operations to 
be caused by the ambient light such as the sun 
light. The detectors that confomis to the lateral 
direction along the light path A are installed at the 

10 left side of the display unit 1 for decreasing the 
influence of the ambient light to a greater extent in 
the prior art system under such condition as the 
coordinate detection system is installed at the cen- 
tral part, between a driver's seat and an assistant's 

15 seat, of the Instrument panel. This Is because the 
ambient light from the driver's side may effectively 
blocked by a driver since the driver always takes 
driver's seat at the right side in case of the right- 
hand steering-wheel vehicle, however, it is hard to 

20 prevent the ambient light via the assistant's side 
from reaching to the right side of the display unit 1 
if no one is on the assistant's seat. 

Accordingly, In the prior art system, it has been 
difficult to avoid inadvertent operations merely by 

25 installing the photo-detecting elements at the left 
side of the display unit 1 even though the ambient 
light from the driver's side is blocked by the driver 
considerably. 

It is, therefore, a principal object of the present 

30 invention to eliminate the aforesaid difficulties and 
to provide a photoelectric switching device for co- 
ordinate detection systems having the least in- 
advertent operations to be caused by the ambient 
light. 

35 

SUMMARY OF THE INVENTION 

According to the present invention, a photo- 
40 electric switching device for a coordinate detection 
system comprises a first array of light emitting 
elements, a first array of photo-detecting elements 
for receiving the light from said first array of light 
emitting elements and producing a first block slg- 
45 nal when the light is blocked by an object, a 
second array, of light emitting elements, a second 
array of photo-detecting elements for receiving the 
light from said second array of light emitting ele- 
ments and producing a second block signal when 
50 the light is blocked by the object wherein the light 
receiving surfaces of the second array of photo- 
detecting elements are aligned in a different angle 
from those of the first array of photo-detecting 
elements, and a control means for driving said first 
and second arrays of light emitting elements and 
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for producing a final detection signal indicating a 
coordinate information of the object on the surface 
of the display unit when either of said first or 
second detection signal Is derived from said first 
and second arrays of photo-detecting elements. 

According to the specific embodiment of this 
invention, the light receiving surfaces of the first 
and second arrays of photo-detecting elements are 
aligned in a different angle each other and the 
control means derives a detected information signal 
upon receipt of either of said first or second detect 
signal. Therefore, the existence of an object can 
effectively be detected by the arrangement accord- 
ing to the Invention even if either of the first or 
second array of photo-detecting elements is ex- 
posed to the ambient light. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 Is a schematic diagram of the prior art 
system; 

FIG. 2 is a block diagram of an embodiment 
of this invention; 

FIG. 3 is an enlarged showing of an object 
detecting unit: and 

FIG. 4A and 4B are flowcharts showing the 
operation steps performed by the microcomputer 
of FIG. 1. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENT 

The present invention will now be described 
more in detail with reference to the accompanying 
drawings. Referring now to FIG. 2. there is shown a 
block diagram of the present Invention, wherein 5 
designates a display unit including a CRT tube of 
the type installed in an instrument panel (not 
shown) between the driver's seat and the assis- 
tant's seat, which is the same installation as the 
prior art system for the right-hand steering-wheel 
vehicles as it is described in the above, 6 des- 
ignates a driving circuit for the display unit 5, 7 is a 
position detecting unit (will be described with refer- 
ence to FIG. 3 hereinafter) installed at the periph- 
ery of the display unit 5 in the similar manner to 
the prior art for detecting the spatial location of 
user's finger, 8 and 9 are a radio and an air 
conditioner respectively, and 10 denotes a micro- 
computer consisted of a CPU 10a. RAM 10c. an 
input circuit lOd and an output circuit lOe for the 
control of the driving circuit 6. the position detect- 
ing unit 7. the radio 8 and the air conditioner 9. 
FIG. 3 shows an enlarged diagram for Illustrating 
the position detecting unit 7, In which 5a denotes a 
display of the display unit 5. The display 5a is 
divided into 12 regions Z11 - Z43 provided by 3 



regions In longitudinal and 4 regions In lateral di- 
rections, as it is shown by dotted lines In the 
drawing. By assigning XI through X4 for lateral 
coordinates and Y1 though Y3 for longitudinal co- 
5 ordinates, for the convenience of understanding, a 
position on the display will be specified by coordi- 
nates (Xi, Yj) (where i = 1. 2. 3, 4. and j = 1. 2, 3) 
as It is shown in the drawing. D1 through D4 are 
light emitting elements consist of infrared light 

10 emitting diodes mounted on the lower side of the 
display unit 5 and they emit infrared light upwards 
respectively along light paths designated by PI 
through P4. T1 through T4 are photo-detecting 
elements consist of photo-transistors mounted on 

75 the upper side of the display unit 5 for receiving 
the light from the light emitting elements D1 
through 04 and generate a block signal if any one 
of the light paths P1 through P4 is blocked by a 
finger. D11, D21 and D31 constitute a first array of 

20 light emitting elements consist of infrared light 
emitting diodes which are mounted on the right 
side (driver's seat side) of the display unit 5 for 
providing tight paths P1 1 . P21 and P31 by trans- 
mitting light towards the left side of the display 5a. 

25 T11, T21 and T31 constitute a first array of photo- 
detecting elements consist of photo-transistors 
which are mounted at the left side (assistant's seat 
side) of the display 5a for receiving the light from 
the first array of light emitting elements and gen- 

30 erating a first block signal when either of the light 
paths Pit, P21 and P31 Is blocked by a finger. 
D12, D22 and D32 constitute a second array of 
light emitting elements consist of infrared light 
emitting diodes for providing light paths PI 2, P22 

35 and P32 by transmitting the light towards the right 
side Of the display 5a. T12. T22a and T32 con- 
stitute a second array of photo-detecting elements 
consist of photo-transistors which are mounted on 
the right side of the display 5a for receiving the 

40 light from the second light emitting elements 012, 
D22 and 032 and generating a second block signal 
when either of the light paths PI 2, P22 and P32 is 
blocked by a finger. The light path P1 passes 
through the regions Z 11, Z22 and Z23, so does 

45 the light path P2 through the regions Z21, Z22 and 
Z23, the light path P3 through the regions Z31. 
Z32 and Z33, and the light path P4 through the 
regions Z41, Z42 and Z43 in the similar manner. 
On the other hand, the light paths P11 and PI 2 

50 pass through the regions Z11, Z21..Z31 and Z41 
simultaneously in the opposite directions, similarly, 
the light paths P21 and P22 through the regions 
Z12, Z22, Z32 and Z42, and the light paths P31 an 
P32 through the regions Z13, Z23. Z33 and Z43 

55 respectively. 

Further, every light emitting element (01 and 
others) is driven by the microcomputer 10 through 
an amplifier 11 and every photo-detector (T1 and 
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others) is connected to the microcomputer through 
an amplifier 12 for the transmission of each block 
signal as it is shown In FIG, 2. 

In accordance with the embodiment illustrated 
in the above, the regions Z1 1 - 243 In the display 
5a of the display unit 5 are assigned to display 
specific patterns (not shown) such as channel se- 
lection buttons, volume control button and the like 
for the operation of the radio 8. With this arrange- 
ment, if a user's finger is placed on a pattern which 
indicates a desired operation, for instance the re- 
gion Z11. the longitudinal light path P1 and the 
lateral light paths P11 and P12 will be blocked 
entirely by the finger and the photo-detector ele- 
ments T1. Til and T12 will produce block signals 
that corresponds to the required operation. The 
microcomputer 10 discriminates, by receiving the 
derived block signals, the region Z11 at where the 
longitudinal light path P1 and the lateral light paths 
P11 and PI 2 are blocked at the same time and, 
then, controls the radio 8. for instance, basing on 
the operating functions assigned to the region Zl 1 . 
The microcomputer 10 is capable of discriminating 
the regions Z11, Z21, 231 and 241 where the 
lateral light paths P11 and PI 2 pass through even 
if one of the lateral light paths P11 and P12 is not 
blocked with a finger and there derived is the only 
one block signal from either of the first or second 
photo-detecting elements T11 or T12, With this 
capability, even in such an environment as the 
strong ambient light falls on the display 5a from the 
left to the right side thereof, the first photo-detect- 
ing element T1 1 can produce the first block signal 
whilst the second photo-detecting element T12 is 
not capable of producing a second block signal. 
Accordingly, the second photo-detecting element 
T12 can produce the second block signal without a 
fail under such an environment as a strong ambient 
light falls on the display 5a from the right to the left 
side thereof. As it is described above, in the In- 
stallation of the photo-electric switching device to a 
vehicle, since the strong ambient light like sun light 
falls generally on the display 5a from the upper 
side to the lower side thereof, there causes no 
problems only by installing the photo-detecting ele- 
ments T1 through T4 at the upper side of the 
display 5a. 

Refen'ing now to Figs. 4A and 4B, there are 
shown flowcharts implemented by the microcom- 
puter 10 of FIG. 1. In the main flowchart of FIG. 4A, 
the microcomputer performs a first step S101 of 
initialization upon initiation of the apparatus. A dis- 
play process for delivering a signal of displaying a 
predetermined pattern on the display unit 5 to the 
drive circuit 6 is performed at step SI 02. The 
control of the position detecting unit 7 is performed 
at step S103 and whereby carrying out the position 
detecting process for discriminating a region of the 



display 5a where a finger Is on. The detailed steps 
of the step Si 03 are shown in FIG. 4B, an initial 
setting of parameters "i" and "j" to "T Is per- 
formed respectively at step S201 after starting the 

5 flow. Next, step S202 outputs a signal for exciting a 
light emitting element Di. An output signal 
(indicates the existence of a block signal) of a 
photo-detecting element Tl Is accepted at step 
S203 and the status of a photo-detecting element 

10 Ti is memorized on a memory XI at step S204 
whereby. "1" is memorized if there is an output 
from the photo-detecting element Ti and "0" if 
there is not. Step S205 performs to renew a param- 
eter "i" to "i + 1" and the program is returned 

IS from S206 to S202 until the parameter becomes 4 
by the repeating of steps S202 • 8205. With this 
arrangement, the status of blocking in any of the 
four light paths P1 - P4 along the longitudinal 
direction of the display 5a is memorized adequate- 

20 ly, A first light emitting element Dji Is excited to 
emit light at step S207. An output (indicates the 
existence of the first block signal) of a first photo- 
detecting element Tij is accepted at step 8208 and 
the status of the first photo-detecting element Tij Is 

26 memorized on a memory Yjl at step S209 where- 
by, T is memorized If there is an output from the 
first photo-detecting element Tj1 and "0" if there is 
not. In the similar manner, A second light emitting 
element Dj2 is excited to emit light at 3210, An 

30 output (indicates the existence of a second block 
signal) of a photo-detecting element Tj2 is ac- 
cepted at step 821 1 and the status of the second 
photo-detecting element Tj2 Is memorized on a 
memory Yj2 at step S212 whereby. "1" is memo- 

35 rized if there is an output from the second photo- 
detecting element Tj2 and "0" if there is not. Step 
S213 performs disjunction of memories Yj1 and Yj2 
and the resultant is memorized on a memory Yj. 
Step 8214 performs to renew a parameter "j" to "j 

40 + 1" and the program Is returned from 8215 to 
step S207 until the parameter j becomes 3 by 
repeating the steps of S207 - 8215. The discrimi- 
nation of the region at where the finger is placed is 
performed at step 8216 basing on the contents of 

45 the memories Xi and Yj, that is, if the contents of 
the memories Xi and Y] are both "1 " at the same 
time, then, the region Zij is discriminated as the 
region at where the finger Is placed and the pro- 
gram returns to the main flowchart of FIG. 4a again 

50 for canrying out the successive steps. 8104 per- 
forms the control of the radio 8. for Instance, in- 
creasing a volume thereof, if the pattern corre- 
sponding to the region being discriminated at step 
8216 meant said control. Step 8105 performs the 

55 control of the air conditioner 9, for Instance, In- 
creasing a setting temperature, if the pattern de- 
notes an operational instruction for the air con- 
ditioner 9. In this way, the steps 8102 • 8105 are 
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performed repeatedly. 

As it is described above, according to the 
embodiment, it is required to detect the block of 
one light path P1 in the longitudinal direction of the 
display 5a for discriminating the region Z11 at 
where the finger is touched, however, required is 
an object detected signal (the content of the mem- 
ory Yj at step S213 corresponds to . this signal In 
FIG. 4b) which indicates the existence of the finger 
in the lateral direction of the display 5a provided 
that either one of the first block signal or the 
second block signal is derived from the respective 
photo-detectors after detecting either one of the 
two lateral light paths P11 and P12 being blocked. 
In other words, since the first and the second 
photo-detectors Til and 112 being related to the 
light paths Pit and Pi 2 are so aligned as to have 
a predetermined angle each other (1 80 degrees for 
this embodiment), the partial position of the finger 
on the display 5a can be determined without a fail 
by performing the disjunction of the first and the 
second block signals even if there is strong in- 
cidence of ambient light and resulted in an inadver- 
tently operation of either one of the associated 
photo-detectors. This is because at least the other 
photo-detector operates normally since there is no 
incidence of ambient light thereto. 

It should be appreciated from the foregoing 
description that the present invention provides an 
improved switching device for detecting a partial 
position of finger on the display, whereby the light 
receiving surfaces of second photo-detecting ele- 
ments are aligned in a different angle from those of 
the first photo-detecting elements for deriving an 
object detect signal from a control means if there is 
either one of the first and the second block signals. 
Therefore, this invention has a specific feature of 
detecting the object even if there is an inadvertent 
operation in either of the first and the second 
photo-detecting elements due to a strong incidence 
of the ambient light. 

Although the present invention has been de- 
scribed in detail with reference to the preferred 
embodiment, it should be understand that by those 
of ordinary skilled in th© art that various modifica- 
tions can be made without departing from the 
scope of this invention, for example, it is obvious 
that this invention may be applied to an automatic 
door the opening or closing of which is performed 
by detecting a human body with such an arrange- 
ment that at least one light emitting element is 
mounted for each first and second light emitting 
elements and at least one associated photo-detec- 
tor is mounted for each first and second photo- 
detectors where by detecting the human body 
when two light paths have blocked simultaneously. 
In addition to this, the light receiving surfaces of 
the first and the second photo-detectors are not 



really necessary to oppose face to face each other 
but it is enough if there Is a definite angle there- 
between. Accordingly, this invention is not to be 
limited except as by the appended claims. 

5 

Claims 

1 . A photoelectric switching device comprising: 
w a first light emitting element (D1 1 . D21 . D31 ). 

a first photo-detecting element (T11. T21, T31) for 
receiving the light from said first light emitting 
element (D1 1 , ...) and producing a first block signal 
when the light is blocked by an object. 

;5 a second light emitting element (D12, D22, D32), 
a second photo-detecting element (T12. T22. T32) 
for receiving the light from said second light emit- 
ting element (D12, ...) and producing a second 
block signal when the light is blocked by the ob- 

20 ject, wherein the light receiving surface of the sec- 
ond photo-detecting element (D12. ..,) is aligned at 
a different angle from that of the first photo-delect- 
ing element (D11, ...). and 

a control means (10) for driving said first and 
25 second light emitting elements (D11. D12. ...) and 
for producing a detection signal which indicates the 
existence of the object when at least one of said 
first and second block signals is derived from said 
first and second photo-detecting element (Til, 
30 T12. ...). 

2. The device of claim 1 . wherein said first and 
second light emitting elements consist of arrays of 
light emitting diodes (D11, D12. ...) respectively 
and said first and second photo-detecting elements 

35 consist of arrays of photo-detecting transistors 
(Til, T12, ...) respectively. 

3. The device of claim 1 or 2, further Including 
a third light emitting element (D1 ... D4) the light 
path of which traverses those of the first and sec- 

40 ond light emitting elements (Dll, D12, ...). and a 
third photo-detecting element (T1 ... T4) for receiv- 
ing the light from said third light emitting element 
(D1 ... D4) and producing a block signal when the 
light is blocked by the object. 

45 4. The device of claim 2, including a third array 
of light emitting diodes (D1 ... D4) disposed trans- 
versely of said first and second arrays of light 
emitting diodes (D11, D12, ...), and a third array of 
photo-detecting transistors (T1 ... T4) disposed 

50 transversely of said first and second arrays of 
photo-detecting transistors (Til, T12, ...). 

5. The device of claim 4, wherein the third 
array of light emitting diodes (D1 ... D4) Is mounted 
on the lower side of a frame and the third array of 

55 the photo-detecting transistors (T1 ... T4) is moun- 
ted at the upper side of the frame. 

6. The device of any one of claims 1 to 5, 
wherein the control means (10) includes an input 
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circuit* (lOd). an output circuit (lOe), a central pro- 
cessing unit (10a), a random access memory (10c) 
and a read-only memory (10b). 

7. The device of any one of claims 1 to 6, 
wherein the light path (P11, P21, P31) of the first 5 
light emitting element (D11, D21, D31) and the light 
path (P12, P22, P32) of the second light emitting 
element (D12, D22, D32) are arranged to pass 
through the same region allocated for the control of 
optional equipments (5 ... 9). w 

8- The device of any one of claims 2 to 6, 
wherein the light path (P11. P21, P31) of one light 
emitting diode (D11, D21, D31) of the first array of 
light emitting diodes and the light path (PI 2, P22. 
P32) of one light emitting diode (D12, D22, D32) of is 
the second array of the light emitting diodes are 
arranged to pass through the same divided region 
or regions (Z1 1 ... Z43) allocated for the control of 
optional egulpments (5 ... 9). 

9. The device of any one of claims 1 to 8, 20 
wherein the first and the second light emitting 
elements (D11, D12, ...) emit light In lateral and 
preferably anti-parallel directions. 

10. The device of any one of claim 1 to 9, 
wherein the light emitting elements (Dl ...D32) emit 25 
infrared light. 
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FIG. 1 
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FIG. 4A 



FIG. 4B 
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